The surfaces of platinum clusters in the supercages of NaY zeolite have been studied by ' Xe NMR over the temperature range 80 -293 K. The sensitivity of this weakly perturbing technique makes it possible to reveal the heterogeneity of the electronic structure of the particle surface. 5 Torr, the system was cooled to room temperature. The preparation procedure was optimized to ensure that the platinum clusters occupied locations accessible to Xe atoms in the zeolite supercages [18] . 76% of the platinum atoms in the sample occupied cluster surface sites, as measured by hydrogen chemisorption.
The microscopic details of the electronic and geometric structures of the surface of supported metal particles are crucial to understanding fundamental interfacial processes involved in adsorption and heterogeneous catalysis [1] . Several ultrahigh vacuum surface-selective techniques have been applied to the study of supported metallic microaggregates. However, these approaches usually require model systems, and the experimental results often must be extrapolated to more physically relevant conditions. Scanning tunneling microscopy, for example, can provide a real space image of the surface density of both filled and empty electronic states [2, 3] ; however, it requires an electrically conductive support with an atomically flat surface. Although such systems may possess important features of a model catalyst, they differ substantially from the highly dispersed metals that are used in practical catalysts.
Following the pioneering work of Rhodes et al. [4] , NMR has also been widely applied to surface studies of supported metal clusters [4 -9] , with techniques in existence for probing the spins of the metal nuclei or molecules adsorbed at metal surface sites. Direct investigation of the metal species is limited to the study of a few transition metals (e.g., platinum) that possess NMR-active isotopes with sufficient sensitivity. ' Pt NMR spectra of supported platinum particles are broadened by a large Knight-shift distribution caused by the electron density oscillations in the cluster [4] and by metal particle interactions with the support [6] . While double resonance techniques make it possible to distinguish between surface and bulk contributions to the spectra [9] , it would be useful to obtain information about the structure of the surface, which is likely to present a variety of sites with different electronic densities and chemical reactivities [10] . Furthermore, NMR of chemically adsorbed molecules, which form covalent bonds with the surface, involve a strong perturbation of the system. Because of the high surfaceto-volume ratios of small clusters, the presence of such strongly interacting species at the surface can dramatically affect the electronic structure of the entire particle [11, 12] . Carbon-13 NMR spectra reported by Rudaz et al. [7] of '3CO adsorbed on Pt/alumina show a broad fea- [13] . The large polarizability of the Xe electron cloud, and thus the large ' Xe chemical shift range, make ' Xe NMR spectroscopy a sensitive technique to probe surfaces and microporous materials [13, 14] . Because For sufficiently low temperatures [16] or in molecule-size host cavities [17] , however, the xenon diffusion can be reduced, so that ' Xe NMR spectroscopy can be used to probe local features of heterogeneous surfaces. Using For temperatures in the range 163 -293 K, the ' Xe NMR spectrum of xenon adsorbed on Pt-NaY zeolite consists of a single motionally averaged line, the shift of which depends on the concentration of adsorbed xenon and on the temperature.
Below 163 K, the line broadens considerably, consistent with diminished xenon mobility. Because of the high adsorption energy of xenon on the metal particle surfaces (45 kJ/mol [20] Xe NMR spectra were acquired below 163 K using a frequency-swept spin-echo technique (vr/2 -r -7r-r -echo) [4, 5] with r = 100 p, s. Figure 1 shows the Xe NMR spectrum obtained at 80 K, referenced to xenon gas at room temperature.
The ' Xe spin-spin relaxation time T2 was measured for each frequency and the points were weighted to compensate for the different rates of magnetization decay during the evolution period 7. The sample was sealed in the NMR tube after adsorption of =5 Xe atoms per Pt particle, as determined from the xenon adsorption isotherm and from the average size of the metal particles. As shown by Ryoo et al. [20] , particles of this size almost fill up the host cage, and only four Xe atoms can Fig. 3 ). For temperatures between 163 and 293 K, i.e. , when the spectrum consists of a single narrow line, the magnetization decay is monoexponential. At low Xe coverages, the ' Xe T~corresponds predominantly to fluctuations experienced by the Xe atoms in the proximity of the metal particle surfaces [19] . In Fig. 3 , ' Xe T~values extrapolated to low Xe loadings display a minimum at 213 K, which indicates that the dominant relaxation mechanism is the diffusion of xenon atoms [7] . The large ratio Tt/T2 observed at the minimum of T( =7) can be related to the large distribution of xenon adsorption energies at different adsorption sites [23] .
However, chemical-shift relaxation due to Xe site exchange cannot alone account for the very short T& values experimentally observed, so that contributions from one or more other relaxation mechanisms must be considered. In fact, below 163 K, i.e. , when Xe motion is hindered, the linear dependence of the ' Xe spin-lattice relaxation time on reciprocal temperature is characteristic of metal-like KotTinga behavior (Ref. [24] ) for the high-energy adsorption sites associated with the large ' In related studies, the broadening of ' Pt NMR spectra of supported clusters is usually interpreted in terms of Bardeen-Friedel oscillations of the electron density [4, 5] . Within this picture, each shell of metal atoms in the cluster presents a different Knight shift [11] ,which ranges between 0% at the surface and - 3 
